1. Introduction. -By many aspects Rayleigh-Benard convection presents itself as a model problem in the field of instability phenomena and dissipative structures. As such it has been the subject of many thorough investigations both theoretical and experimental, the stress being put recently on the problem of the transition to turbulence. However, despite an apparent simplicity of the instability mechanisms at threshold, the behaviour above the threshold is still far from
1. Introduction. -By many aspects Rayleigh-Benard convection presents itself as a model problem in the field of instability phenomena and dissipative structures. As such it has been the subject of many thorough investigations both theoretical and experimental, the stress being put recently on the problem of the transition to turbulence. However, despite an apparent simplicity of the instability mechanisms at threshold, the behaviour above the threshold is still far from completely understood. To take but only two examples related to the subject of this paper, let us mention the problem of pattern selection which has received various answers (selection through stability [1] , boundary effects [2] , curvature effects [3] ) and the problem of the origin of the low frequency noise close to the threshold in helium [4] which has not yet a clear cut explanation (filtered extrinsic noise [5] , intrinsic phase turbulence due to instability [6] or frustration [3] , motion of defects [7] ). Below we shall face the problem of the analytical determination of phase diffusion coefficients of a convective Boussinesq fluid layer. More precisely we shall study the relaxation of a zig-zag distortion which is the most « dangerous » instability mode close to the threshold. This is not a novel problem. However, up to now most complete results rest either on a Galerkin approximation [8] or on analytical results using Rayleigh's original assumption of free boundary conditions (b.c.) [9] [10] [11] . Unfortunately, though it is very popular, this approximation is inadequate to account for usual experimental conditions. Consequences are twofold. First they may be physical : the restoration of (realistic) rigid b.c. strongly inhibits Busse's oscillations
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyslet:01982004308025300 in low Prandtl number fluids [8] . Second It is easily seen that Q(Pr) = R2(Pr)/N(Pr) is always positive so that the slope is always negative [24] . As observed by Clever and Busse, the curve rotates counterclockwise when Pr decreases. For Pr = oo we get Q ~ 65 while for Pr = 7 and 0.7 we get Q ~ 3 and ~ 0.24 respectively, in good agreement with results in references [8] and [19] . At The main drawback of the analytical calculation is its limited validity range. At infinite Prandtl number, a comparison [20] between the c-expansion, the Galerkin method and the experiments shows that the basic mode is overestimated by the second method and that the first one should not be extrapolated too far and this is confirmed by our analysis of higher order terms of the e-expansion which suggests that it has a finite radius of convergence which decreases with Pr [14] .
The derivation of the phase diffusion equation is a multiple scale method analogous to that for the well known amplitude equation [10] . The difference is that from the beginning one gets rid of amplitude variations. This allows to get relatively easily non-trivial results (at least at the formal level, for the numerical application to a particular case -here rigid b.c. -can be quite involved). Despite this limitation, our result has some importance since it has been recognized recently [7] that it is this constant amplitude part of the deformation around a dislocation which governs the velocity of the defects, according to a law of the form v -Dl ~2.
As another check of our theory, one can look for Busse's oscillation mode [21] [21] and one is left only with the zig-zag instability for s -~ 0. A similar alternative remains for rigid b.c., the consequences of which are yet unclear as to the role of the couplings introduced by Siggia and Zippetius [11] .
The concept of phase diffusion in convective structures has already been the subject of experimental checks [22] . For phase diffusion parallel to the wave vector of the zeroth order solution, the amplitude equation at lowest order is already sufficient [10] . This is no longer the case for transverse phase diffusion. By-passing the derivation of a higher order amplitude equation, our result brings a non-trivial answer. The next steps would be to study the problem of structure selection and defect motions using similar analytic tools with realistic boundary conditions. This would certainly give valuable information on the birth of turbulence close to the convection threshold in large aspect ratio containers and more especially in moderate and low Prandtl number [4] .
